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ABSTRACT 


\i 


‘The  v ffectiyci-e.-js  of  T-  end  1-section 
.•'ring  sitffi-.-sors.  iii  ft»inl)y  *yiii,ujetric  shells 
■i.vlorfjoing  axi-illy  Symmetric  deformations 
;j  examined  under  the  assumption  that  the 
;!iickn«b3«s  of  the  shell  and  flanges  and  web 
of  the  stiffeners  are  small  compared  to  the 
ether  dimensions-.  Curves  are  presented  for 
tVt  vining  the  effective  area  and  the  flange 
stress  of  T-sliifouer:;.  Approximate  formulas 
.‘or  stiffener  a  with  depth  of  stiffener  small 
compared  iu  the  radius  of  the  shell’  are  also  * 
presented.  ^  j 


INTRODUCTION 


In  the  works  if  Von  SandciT'and  Gunther, 1  and  Salerno  and  Pules*  for  determi¬ 
ning  the  axisymn-.itric  behavior  of  ring  stiffened  circular  cylindrical  shells  under 
uniform  pressure  iiading,  the  effect  of  placement  of  the  stiffener  (fr  use)  away 
from  the  middle  surface  of  the  shell  is  not  considered.  Indued  it  !v* ;  l.econ-.e 
customary  with  many  investigators  to  assume,  arbitrarily  a::  they  !».  t!v*t  ‘he 

affect  of  the  frame  13  ti"  same  as  if  its  entire  annwCie  hi  feel  ..  ,«*.•.  ■ -yd  ••«!».  d  at 
the  middle  surface  of  the  ihell. 

As  early  an  ;  year  19.15,  however.  Trilling'  had  r*‘c»i-  :v  .  led  and  used 
the  classical  La<v.-*  ferrr.il«  for  a  thick  cylinder  to  aseortMn  the  true  frnme  reaction. 
In  1956,  Wilioi)1  arrived  ■  an  appro xlniate  effective  frame  or  - »,  At,  I, need  on  the 
assumption  of  cdn->:'mt  deflect  8r>n  over  th 3  entire  frame  section.  I II »  s'hitlon 
^results  in  the  e<p;r.:;on 


A0  s  /.(U/Rt,)* 


(I) 


where  A  is  the  aci-al  frame  area,  it  i-.  1  o  ...u«us  of  the  shall,  :,.l  R._.  :-i  the  radius 
of  the  center  0/ gravity  of  the  frame.  Thi-»  eolation  baaed  on  this  assumption, 
nevertheless,  in  ir.  error  because  it  ir.il ;  to  con.ihfer  e<pill:brr>>  1.  However,  a 
brief  outline  of  the  proper  solution  v.hu.h  c, mulls  in  the  cor  r<-oi  to.  1  factor  n/R0 
appears  in  a  fetor  rnalysls,* 

Wilson  oblairi  a  morn  corr«.***»  solution  ba.v.d  rjon  the  Lu.06  stress  distri¬ 
bution  for  the  web  v/is-icb  It o  <■  pi  •:  1  »  i  1  ,-.,;t  significantly  diffe  .•  -.  i.l  from  Kijuation  (  1), 


but  apparently,  1  .*  jpi  for  a  sin- 
difference. 


g»le,  ho  has  made  nn  estimate  of  tills 


Tho  pirpose  of  .this  report  is  to  show  th.v.  the  effective  frame  .,rea  can  be 


References  are  lifted  on  page  lt> 


i 
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1 


represented  by 

At.'  A(H/B_)n 


•••.■  I ic- v «,i  v  is  Po ij con *3  : 
i.i'/’/  tin?  is.  1 

c v» t  a  lion  of  A,.  and 


and  n  is  less  than  pr  greater  than  I  +  Zv,  accord- 
oal  or  external,  and  to  proa  cut  curves  to  facilitate 
frame  stress. 


DERIVATION 


COi  'AMT  DISPLACE ..  J:NT 

Suppose  that  the  .-into  (Figure  IJ  is  loaded  by  a  radialload,  q  pcr-unit-length, 
:tt  the  cylindrical  she-:  A.th  radius  Ra.  Further  assume  that  the  effect  of  radial 
strain,  cr, on  the  radial  ‘..jptaccments,  w.  Is  small  so  that  w  maybe  assumed  to  be 
constant  across  the  sti  v?n.  If  the  radial  stress  is  also  assumed  negligible,  the 
circumferential  street ,  Is  given  by 

cc  s  -  Ew/r  J  (3) 

where  r  is  the  radius  a  particular  point  of  the  section  and  E  is  Young's 
modulus.  Then  consist  .*ing  equilibrium' 

c.*js  ftr^  dA .  (4) 

Proceeding  with  method  of  Wilson  we  write 

as  R0  +  *  (5) 

and 


Figure  1  -  Loading  and  Nomenclature  of  Ring  Stiffener 

(Frame) 
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The  Integration  indicated  In  Equation  (4)  may  tic  performed  by  integrating 
piecewise  over  the  frame  and  summing  the  result*.  Then  if  Ro  ia  taken  as  the 
radius  to  the  center  of  gravity,  Rj,  of  each  piece  so  that  Jz  dA  vanishes  for  each 
piece, 

qRa  i  -  Ew  £  (Ai/Ri)^l  +  (7) 

where  Ai  and  Ii  are  the  area  and  moment  of  inertia  respectively  of  a  piece. 

The  effective  are,,  is  defined  a* 

Aa  =  -  qR*  /(Ew).  (8) 

Since  the  assumption  of  constant  deflection  is  arbitrary  and  generally  I  i/(AtR.\)«l, 
it  is  neglected  and  combination  of  Equations  (7)  and  (b)  yields 

A«»  EauWRO.  (9) 

If  no  subdivision  of  tho  stiffener  is  made  then  Equation  (9)  reduces  to  Equation  (2) 
with  n  =  1. 


VARYING  DISPLACEMENT 

The  assumption  of  constant  w  across  the  depth  of  a  stiffener  can  be  eliminated 
by  application  of  the  classical  Lamo  thick  cylinder  analysis  to  the  varioue  com¬ 
ponents  of  the  stiffener.  However,  for  thle  method  she  thickness  of  the  frame 
flanges  and  web  will  be  assumed  small  compered  to  other  dimensions  and  the 
effect  of  the  three-dimens ic  el  stress  condition  at  the  junctures  will  be  neglected. 


First  consider  a  simple  rectangular  ring  of  thickness,  t,  perpendicular  to 
the  radius,  loaded  externally  by  a  tensile  radial  force,  qo,  per-unit-length  at 
radlua  b  and  internally  by  tensile  radial  force,  qi.  per-unit-length  at  radius  a. 
The  radial  deflections,  wt>  at  the  outside  radius  of  (he  ring  and  \va  at  tho  inside 
radius  of  tho  ring,  are  given  by; 


Wb« 


and 

was 


-bq0  fb1  +  a1  -  v(b*  -  a*)*!  +  2ba*  qt 

Et  J_  b*  -  a*  J  Etlb*  -a*l 

-2b*aq0  aqt  |b*  +  a*  +  v(b*  -  a')"^ 
Et(b*  •  a*)  +Et  t  b*  -  a*  "j’ 


U‘J) 


(l») 


By  replacing  a  +  b  by  2RW  and  (b  -  a)t  by  Aw  Equations  (10)  and  (11)  can  ba 
written 


wb=> 


w,  . 


*bqp 

2EAWRW 


{b*  +  a* 


•b*  sq0  «qi 
EAwRw  2EAwkw 


•  v(b*  -  a*)  J  + 
Jb*  +  a»  +  v(b* 


ba*  qt 


EA*K« 

-»*>|. 


<»*> 

U3) 
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If  It  U  assumed  that 


*»*  "EXT 


which  defines  Aj  as  an  effective  flange  area  at  r  a  a,  then  combining  Equation* 
(12),  ( l  J)  ar.d  ( I'l)  will  give 

bq0  f  a[b4  4a4  -  v(b4 -a4,']+(Aj/t)(b*  -  a4)f  1  -  v*)\  .... 


>(b4 -a4))4(Ai/t)(b4  -  a4)(>  -v«)1 
4  Ai(b4  4  a4  4  v(b4  -  a1)]  / 


From  Equations  (8)  and  ( 15)  the  effective  area  at  r  a  b  ia 

Ab hf  2AwRwa  4Ai[b44a44v(b4-«4)]  \  .  ( 16>) 

^a{b4  +  a4  -  v(b4  -  a4)  ]  4(Ai/t)(b4  -  a4)(l  -  r*)  J 

Now  letting  b  e  Rw  +  d  and  a  =  Rw  -  d,  Equation  (16)  reduce*  to: 

A  A-v(b/Rw)  4  Aj(b/a)[  1  +  2»(d/Rw)  t(J/Kw)4 1 

b"  1  -  2v(d/Rw)  +  (d/Rw)*  [  1  +  d(  1  -  v4)  (Rw/a)(Ai/Aw)J  ' 

Similarly  setting 
b*  q_ 

wb*  TTSJ-  (18> 

tho  effective  area  at  r  a  a  1*: 

A  n  Aw(q/Rw)  4  Ao(a/b)[  1-Zv(d/Rw)  4  (d/R„>» ] 

l+2v(d/Rw)  +(d/Rw)*  l*  +4(l-v4)(Rw/b)(Ac/Aw)J  *  '  ■ 

If  Ai  and  A0  are  of  the  same  order  of  magnitude  a*  Aw  and  if  d/  Rw  is  *ufficlontly 
small  so  that  (H/Rv/)4  can  be  neglected  compared  to  1,  then 

Abi  Aw(R3/R'.4,,‘'  +  Aj(Ri/^)1’*’  .  (20) 

It  can  be  shown  that  within  tho  tamo  accuracy,  i.  e,  (d/Rw)4  «  1,  Equation  (20)  is 
equivalent  to 

Ae  =  A(Ra/Ro)  (21) 

This  equation  i3  the  same  as  Equation  (2)  with  n*  142  v. 


Plots  of  n  In  Equation  (2)  for  a  T-fratno  (Art  *  0)  as  a  function  of  p  and  X  ara 
presented  in  Figures  2,  3  and  4.  The  values  of  n  for  Figures  2,  3  and  4  ara  less 
than  1  ♦  2v  for  internal  frames  and  greater  than  1  +  2v  for  external  frames.  Plots 
of  Equation  (29)  are  presented  in  Figures  3,  6  and  7  to  facilitate  computation  of 


dtpt>  of  from* 
radius  of *htu 


Figure  5  -  Plot*  too  Equation  (29),  v  *  0. 25 


9 


r 


depth  cf  from* 
radius  cf  shell 
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dipth  of  fromi 
rodiutof  thill 


) 


Figure  7  -  Plots  for  Satiation  (29)»  v  =■  0.  }S 

It 


STRESSES 


Increase  of  the  effective  frame  area  above  the  actual  frame  area  implies  a 
corresponding  increase  in  the  average  f-ame  stress.  Hence,  particularly  for 
i.ii  .rnal  frames,  knowledge  of  the  frame  flange  stress  is  important  in'  order  to 
guard  against  premature  frame  failure.  •  From  Equations  ( 13)  and  (M)  the  frame 
flange  strers,  vr,  for  an  into  rnal  T-frame  is: 


The  mean  frame  stress, <rm,  is 

Rs<ls  ’  (31) 

and  tho  effective  frt  me  str'ss,  ore  •  Is 

®s  a  (32) 

from  which 


»>/«■.  3{2/t2 -p  )]*/{!  *  ivpA*  -  p)  ♦ 

[p/*2  -P  )]1  [1  ♦  2(1  -v*.)U  r  p  )IVU  *  P  )J}.  (») 

Similarly  for  external  frames 

«V/*. .  *  [2/(2  +P)]V{»  +  2vp/(2  +  p)  + 

fp/U  +  p>j*  £1  ♦  2(1  -V*)U  +  P)K/(1  +  P),>.  (J4) 

P'ots  of  Equations  (33)  and  (34)  are  presented  in  Figures  8,  9  and  10.  An  approxi 
■nation  similar  to  that  for  Equation  (21)  gives 

*iA  *  (Rs/R,l  U*  . 

(35) 


12 


depth  of  frame 
radius  of  shell 


d gp >  r»  of  Itcir. e 
rocius  of  shell 


; 


0  1.0  1.5 


with  hXHANirr.c  >; .  ..hoinati.s 


Filjuro  9  -  Plots  o(  V  j'T«\tlon3  13  5)  &_.v!  (J-l),  v  *  0.  30 
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